In current theoretical models of the blazar subclass of active galaxies, the broadband emission consists of two components: a low-frequency synchrotron component with a peak in the IR to X-ray band, and a high-frequency inverse Compton component with a peak in the gamma-ray band. In such models, the gamma-ray spectral index should be correlated with the location of the low-energy peak, with flatter gamma-ray spectra expected for blazars with synchrotron peaks at higher photon energies and vice versa. Using the EGRET-detected blazars as a sample, we examine this correlation and possible uncertainties in its construction.
Introduction
It is now generally believed in a class of theoretical models (see e.g. Ulrich, Maraschi, & Urry 1997 for a review) that the broadband spectrum of a blazar consists of two distinctive components: (a) a low-energy component which is the result of synchrotron radiation of a beam of relativistic particles, and which peaks, in the spectral energy distribution (SED) plot, in the IR to soft X-ray region; (b) a high-energy component which is the result of inverse Compton scattering of the same beam of relativistic particles on some ambient field of soft photons, and which peaks in SED in the MeV-GeV-TeV region. These models are well known for their attempt to explain the most salient features of the broadband spectra of blazars from radio energies all the way to the TeV energies, an energy span of more than 20 orders of magnitude.
In this paper we examine an important prediction of this class of theoretical models with EGRET data. The two broad peaks in SED of a blazar as described in such models, being the products of the same beam of relativistic particles, should be closely related to each other. Since the high-energy peaks in SED of various blazars pass through the EGRET energy range from ∼ 30 MeV to 20 GeV, the spectral shapes of the EGRET-detected blazars in the EGRET energy range should change systematically with respect to the positions of the low-energy SED peaks in different objects. This prediction of these currently investigated theoretical models can be tested with EGRET data.
A brief and preliminary result of a study of this kind with EGRET data, based on the Second EGRET Catalog and its Supplement (Thompson et al. 1995 , Thompson et al. 1996 , has already been sent for publication in the Proceedings of the BL Lac Phenomenon Meeting of 1998 in Turku, Finland (Lin et al. 1998) . In the present paper, we expand the scope of the previous study with additional information taken from the recently published Third EGRET Catalog (Hartman et al. 1999 ) and other publications to examine again in -4 -more details the question of the possible correlation between EGRET spectral shapes and low-energy SED peak positions for the blazars that have been detected by EGRET.
The Data
We select 27 EGRET-detected blazars (Fichtel et al. 1994 , Thompson et al. 1995 , Thompson et al. 1996 , Hartman et al. 1999 . These are the ones for which the SED can be found in the published data at least to the extent that the low-energy peak positions can be determined, and for which the EGRET photon spectra can also be determined. Four of the sources in this sample are traditionally regarded as X-ray-selected BL Lac objects (XBL, see Ciliegi et al. 1995) . Recently these objects have been reclassified as high-energy peaked BL Lac objects (HBL, see Ulrich, Maraschi, & Urry 1997) . Another eleven of these sources are usually regarded as radio-selected BL Lac objects (RBL, see Ciliegi et al. 1995) , or reclassified as low-energy peaked BL Lac objects (LBL, see e.g. Ulrich, Maraschi, & Urry 1997) . The other twelve sources in the sample belong to what are generally referred to as flat-spectrum radio quasars (FSRQ). For two of the four XBL (HBL), Mrk 501 and PKS 2005−489, the EGRET detections are somewhat weak but still fairly certain (Kataoka et al. 1999 , Sreekumar et al. 1999 , Lin et al. 1997 . Three of the four XBL have been detected at TeV energies (see e.g. Krennrich et al. 1999 or Macomb et al. 1995 for Mrk 421, Kataoka et al. 1999 or Kennrich et al. 1999 for Mrk 501, and Chadwick et al. 1999 for PKS 2155−304), while a good TeV flux upper limit exists for the fourth one (PKS 2005 −489, Roberts et al. 1998 . Thus the SED of these four XBL (HBL) can be constructed well into the TeV energies with the high-energy peaks clearly seen. Furthermore, five of the EGRET-detected FSRQ have also been detected by OSSE and COMPTEL in the 0.05 to 15 MeV energy range. Combined spectra have been determined for these five sources through the OSSE/COMPTEL/EGRET energy ranges -5 - (3C 273, 3C 279, CTA 102, PKS 0528+134, and 3C 454.3, see McNaron-Brown et al. 1995) .
These five sources are all included in the sample here. The high-energy peaks of these five sources can be constructed in the MeV to GeV energy range with strict simultaneous data (McNaron-Brown et al. 1995) . These peak positions are visible as spectral break points between the OSSE/COMPTEL data and the EGRET data.
This sample of 27 EGRET-detected blazars are listed in Table 1 Table 1 are the first entries in the Third EGRET Catalog upon which the source positions and the source identifications are determined.
The EGRET spectral indices in the Third EGRET Catalog are those determined for the sum data of Cycle 1 through Cycle 4 (1991 April 22 to 1995 October 4). There are some evidence that the EGRET spectra of some blazars tend to become harder at higher flux levels (Mukherjee et al. 1997) . But the variations are small and only become apparent for bright EGRET sources when the spectral indices can be determined with high degrees of accuracy. So the EGRET spectral indices listed in the Third EGRET Catalog and quoted here in Table 1 , though calculated only as average values over long period of time, are good representation of the actual spectral shapes. The low-energy SED peak frequencies in Table 1 are taken from published data. References for these information are given in the footnotes below the table. On the average, the peak positions can be determined from the published data to an accuracy of about ±0.2 in the scale of log 10 (frequency). Out of the 27 sources studied here, four are found to have enough data to show the low-energy SED peak frequency at different epochs: PKS 0235+164, Mrk 421, 3C 279, and BL Lacertae (see references cited in Table 1 ). The ranges of the peak frequencies of these four sources are 0.5 for PKS 0235+164, 1.0 for Mrk 421, 0.3 for 3C 279, and 0.2 for BL Lacertae, in -6 -the scale of log 10 (frequency). These variations in the low-energy SED peak frequencies are small compared with the full frequency range of all blazars studied here. For these four sources, we enter the peak frequencies corresponding to quieter times in Table 1 , as these are the situations where more abundant data are available. Finally some special features of the individual sources are included as remarks in the last column of Table 1 . This source sample is not meant to be a complete one. We just try to construct a sample size that is sufficiently large to draw certain statistical conclusions.
The Analysis
To examine the correlation between the low-energy peak and the high-energy peak in the SED of a blazar, we should ideally try to match these two peaks over broad energy ranges that cover substantial segments of the spectrum. But this is not feasible at present with existing data. Only a handful of sources have detailed measurements of the spectra from radio energies to TeV energies. Conclusions drawn from these few sources are likely to be biased in some way and not generally applicable to blazars as a class. Most of the blazars in the literature have good measurements on their broadband spectra only around the low-energy SED peaks. For the EGRET-detected blazars in general, there are no existing data to show where the high-energy peak frequencies are located except for the few sources that are either the XBL mentioned above or the ones that have also been detected by OSSE and COMPTEL (McNaron-Brown et al. 1995) , also mentioned above. To examine the correlation between the two SED peaks, we need to rely on some specific properties of the broadband spectra in the two energy regions.
For the low-energy peaks in SED, it is natural to examine the peak frequencies as these are the prominent spectral features that can be determined fairly accurately from published data. Then in the EGRET energy range we examine the spectral shapes, or more -7 -specifically the spectral indices to see if they systematically change with the low-energy peak frequencies.
In addition to examination of the model prediction on the correlation between the low-energy SED peak frequency and the EGRET spectral index, which involves only experimental data as described above, we can also compare the observed EGRET spectral indices with the calculated spectral indices from these theoretical models of blazars currently under investigation (see e.g. Ulrich, Maraschi, & Urry 1997) in the EGRET energy region.
We take the illustrative theoretical curves plotted in Figure 12 of Fossati et al. (1999) and determine the slopes of these curves at 100 MeV as a function of the low-energy SED peak frequencies in the figure. We then compare these theoretical slopes with EGRET spectral indices of the sources listed in Table 1 as functions of the low-energy peak frequencies.
In Figure 1 we plot the EGRET spectral index γ − 2 (f ∼ E −γ ) vs. the low-energy SED peak frequency in log 10 scale for the sample of 27 EGRET-detected blazars examined in this paper. The source designations, their low-energy SED peak frequencies, and the corresponding EGRET spectral indices are all listed in Table 1 . The value γ − 2 corresponds to the spectral index in an SED plot. The five FSRQ that are also detected by OSSE/COMPTEL are indicated separately in the figure. In Figure 1 we also plot the theoretical prediction of the spectral slope at 100 MeV as a function of the low-energy SED peak frequency as described in the paragraph above. Some of the graph points in Figure 1 are slightly shifted in their abscissae to avoid graph congestion. The theoretically calculated spectral slopes at 100 MeV are connected with dotted lines.
As one can see in Figure 1 , the EGRET spectral indices do not vary systematically with respect to the low-energy SED peak frequencies. The four XBL (HBL) may form the only exception to this general situation. The theoretical models seem to work well for the four EGRET-detected XBL. But when the low-energy SED peak frequency moves toward We may also add that for the four EGRET-detected XBL (HBL), the EGRET spectral indices γ (f ∼ E −γ ) all fall within the low range between 1.5 and 1.7 while the low-energy SED peak frequencies all fall within the high range between 10 16 and 10 17 Hz. This fact is consistent with the results of the theoretical model fits (see e.g. Fossati et al. 1999 ). But when it comes to the individual spectral and peak frequency values, there is no correlation between the EGRET spectral indices and the low-energy SED peak frequencies for these four XBL either. However we must point out that the error margins in the EGRET spectral indices are large for these four XBL and the lack of correlation found here does not carry much weight. But for the five EGRET-detected FSRQ that have also been detected by OSSE/COMPTEL, and as such the high-energy SED peak frequencies can also be determined with the combined OSSE/COMPTEL/EGRET data as the spectral break points in the 0.015 MeV to several GeV energy range (see Figure 2 in McNaron-Brown et al. 1995) , these five sources do not show correlation between the low-energy SED peak frequencies and the high-energy SED peak frequencies. The blazars that can be detected by OSSE or COMPTEL are likely to be those with steep EGRET spectra because then the EGRET spectra will extend high into the COMPTEL/OSSE energy regions. We may expect to see better agreement between theory and data for these five sources alone where the EGRET spectral indices become high. But in Figure 1 , these five sources do not follow the theoretical curve either.
Discussion
Many of the EGRET-detected blazars suffer from poor statistical accuracy because of limited photon counts; in those cases, the spectral indices are very poorly determined.
However, in Figure 1 it is apparent that the greatest discrepancy between the data and the theoretical prediction is at the lowest synchrotron-peak frequencies, where most of the best-determined EGRET indices are found. In the unified blazar scenarios it might be expected that the objects with synchrotron-peak frequencies below 10 13 Hz are all FSRQ's; however, note that all of these are far below the (extrapolation of the) theoretical curve. The typical differences between the observed and predicted spectral indices are ∼0.8, whereas the typical errors in those EGRET spectral indices are ∼0.15; thus the discrepancies are clearly not due to statistical limitations. The EGRET-detected FSRQ's clearly have much harder spectra than the theory predicts.
The RBL's also do not agree well with the theoretical curve, although the cluster of points extends both above and below the theoretical curve. In this case the discrepancy appears as a broader distribution around the theoretical curve than would be expected from the errors in the EGRET indices. For example, four of the eleven points are more than 2σ
away from the theoretical curve, whereas statistically no more than one would be expected.
It is well-known that the low-energy SED peak frequencies of blazars may vary with flux levels. Since most of the SED spectra studies in this paper were constructed with noncontemporaneous data, one would have to consider the possibility that the lack of correlation between the low-energy SED peak frequency and the EGRET spectral index in Figure 1 could have been caused by the shift of the low-energy SED peak positions in different epochs. We are fairly certain that the EGRET spectra do not change appreciably with flux (Mukherjee et al. 1997) . As for the shift of the low-energy SED peak positions, the well-studied sources like those mentioned at the end of Section 2 indicate that the -10 -amount of changes are no bigger that ∼ 1.0 in the scale of log 10 (frequency), or about one order of magnitude in frequency. But if we want to bring the FSRQ or RBL with hard EGRET spectra in Figure 1 to agree with the theoretical curve, we would have to shift their low-energy SED peak frequencies by at least three orders of magnitude. Such large change in position of the low-energy SED peak has never been observed, at least for the majority of the blazars under study in the literature.
Another possible inconsistency between the theoretical models and the EGRET data may exist when the spectral shapes of all EGRET blazars are viewed together, not restricted to the 27 sources listed in Table 1 . The currently studied theoretical blazar models require that some of the EGRET spectra should show clear spectral breaks when the high-energy SED peaks pass through the EGRET energy range, much like the spectral breaks of the five sources detected by all of OSSE, COMPTEL, and EGRET, with spectral breaks in SED clearly seen between the OSSE/COMPTEL data and the EGRET data (McNaron-Brown et al. 1995) . But in all of the spectral fits that have been carried out by the EGRET Team (Fichtel et al. 1994 , Thompson et al. 1995 , Thompson et al. 1996 , Hartman et al. 1999 , and references therein), it has never been found necessary to introduce spectral breaks or spectral cutoffs in order to properly fit the EGRET data. It is of course entirely possible that some of the EGRET blazar spectra will eventually prove to be more complicated than single power laws when the measurements become sufficiently accurate. In fact, even with the existing EGRET data, Reimer et al. (1999) and Bertsch et al. (1999) 1.60 ± 0.50 (6) 16.7 1.52 ± 0.24
16.4 Sambruna et al. 1995; (9) Vestrand et al. 1995; (10) Chadwick et al. 1999; (11) Catanese et al. 1997
